Study Design. Retrospective study. Objective. To examine the reliabilities of sagittal spino-pelvic alignment measurements using whole spine-pelvic and local pelvic radiographs and to determine whether spinal deformity affects these reliabilities. Summary of Background Data. Sagittal spino-pelvic alignment is important in adult spinal deformity patients (ASD). Spino-pelvic parameters are closely related to health-related quality of life and indispensable for surgical planning. However, few studies have focused on the reliability of these measurements. Methods. Three spino-pelvic parameters, pelvic incidence (PI), pelvic tilt (PT), and sacral slope (SS) were measured in 2 patient groups: 33 adult scoliosis (AS) and 33 nondeformity (ND) patients, using whole spine-pelvic lateral radiographs (whole spine radiographs) and local pelvic lateral radiographs (local pelvic radiographs), by 5 experienced spine surgeons. Intra-and interobserver reliabilities for each procedure were evaluated by intraclass correlation coefficients (ICC). The interobserver reliability differences between the 2 procedures were statistically evaluated. The difference between the largest and smallest measurements among the 5 observers was also evaluated in the AS and ND groups. Results. Measurement of the 3 parameters using whole spine or local pelvic radiographs showed good to excellent intraobserver reliability (range of ICC: 0.820 -0.935). The interobserver reliabilities of PI and PT from local pelvic radiographs were significantly higher than those from whole spine radiographs (P < 0.002). The intraobserver reliabilities of PI and PT from pelvic radiographs tended to be higher than those from whole spine radiographs, but the differences were not statistically significant. The reliability of SS was comparable between the 2 methods. The differences between the highest and lowest PI and PT measurements were smaller with the pelvic compared to whole spine radiographs. These findings were consistent in the AS and ND groups. Conclusion. Local pelvic radiography is more reliable than whole spine radiography for determining spino-pelvic parameters, and we recommend its use for evaluating ASD patients.
A n optimal combination of spine, pelvis, and lower extremity alignments is required to maintain an upright position and normal gait pattern. 1, 2 The sagittal orientation of the pelvis is crucial for global spinal balance. 3 Recent studies indicate that lumbar lordosis that is unmatched to the pelvic incidence (PI) is a negative risk factor of poor clinical outcome for patients with spinal deformity. 4 Therefore, restoration of the spino-pelvic balance is an essential objective in the surgical treatment of these patients. 5 Preoperative evaluation of these parameters may help surgeons decide whether extensive correction of the sagittal alignment using techniques such as 3-column osteotomy is required. This is particularly important for adult spinal deformity (ASD) patients, who are less able to compensate for trunk imbalance than younger patients.
The determination of radiographic measurements such as the Cobb angle or spino-pelvic parameters is essential in the preoperative planning or postoperative evaluation of patients with spinal deformity. There are numerous reports assessing the reliability of Cobb angle measurements in scoliotic patients. Langensiepen et al systematically reviewed the Cobb angle measurement procedure in idiopathic scoliosis and showed that both manual and digital measurements have a high degree of reliability. 6 On the other hand, despite the importance of spino-pelvic alignment in ASD, there are few studies assessing the reliability of its measurement. Measurements of PI and pelvic tilt (PT) require the centers of the bilateral femoral heads to be identified; however, in many cases they are obscured by the pelvic organs. Several studies evaluated the reliability of spino-pelvic measurements in scoliosis patients, focusing on the use of radiographic measurement software. [7] [8] [9] [10] These studies revealed advantages of using software compared to manual methods for analyzing whole spine lateral radiographs. In addition, several studies have compared the spino-pelvic parameters between scoliosis patients and healthy volunteers. 11, 12 However, no previous reports have evaluated the reliability of whole spine-pelvic lateral radiographs (whole spine radiographs) or local pelvic lateral radiographs (local pelvic radiographs) or the influence of scoliosis on the reliability of these measurements. To address these issues, we investigated the intra-and interobserver reliabilities of sagittal spino-pelvic parameters measured with whole spine and local pelvic radiography in adult scoliosis (AS) and nondeformity (ND) patients.
MATERIALS AND METHODS

Patients
Sixty patients with lumbar Cobb angles greater than 108, who underwent both whole spine and pelvic radiography at Keio University Hospital from 2011 to 2012, were retrospectively studied. Of the 60 patients, 33 with lumbar Cobb angles greater than 258 (3 male, 30 female, mean age 69.2 AE 8.9) were designated as the adult spinal deformity (AS) group. The Cobb angle of these patients ranged from 258 to 858 (mean Cobb angle 40.2 AE 15.58). The inclusion of this group of patients with substantial curve (Cobb angle > 258) allowed us to evaluate the influence of scoliosis on the reliability of the measurements. Based on the Scoliosis Research Society-Schwab classification system, 13 25 patients were classified as having type L curves, and 8 patients were classified as having type N curves. All of the patients had major lumbar or thoracolumbar curves. Thirty-three age and gender-matched patients (3 male, 30 female, mean age 69.2 AE 9.4) without spinal deformity (Cobb angle < 108) served as the nondeformity control group (ND group). Both whole spine and local pelvic radiographs were obtained using the Toshiba Medical Systems MRAD-A80S. Patients were asked to stand in an upright position, extend their knees and hips as much as possible, and place their fists on their clavicles. Whole spine radiography was performed, immediately followed by pelvic radiography, with no change in position. Whole spine radiography was performed at 100 kV, 320 mA for 0.05 s at a focus-film distance of 2 m. Pelvic radiography was performed at 80 kV, 320 mA at a focus-film distance of 1.5 m. One exposure was taken for each radiograph, and the exposure time for the pelvic radiograph was optimized automatically (not exceeding 1 s) for each patient.
Observer and Radiographic Measurements
The anonymous DICOM image files of the 66 cases were stored in CDs, along with the DICOM LiteBox image analysis software (Etiam, France). This software contains various functions for image analysis, such as line and circle drawing, automatic midpoint detection, length and angle measurements, and brightness and contrast adjustments. Individual CD sets were given to 5 observers who were blinded for patient group information and Cobb angle measurements. Each of the observers had at least 10 years of clinical experience in spine surgery and spine radiographic measurement analysis. The methods of measurements were standardized by a brief lecture to the observers.
For the evaluation of interobserver reliabilities, the observers were asked to measure PI, PT, and sacrum slope (SS), by analyzing the whole spine radiographs and local pelvic radiographs separately and only once. The measurement methods were standardized by having the observers attend a brief lecture on the selected literature-based methods. 3 For the evaluation of intraobserver reliabilities, 30 of the cases, including 15 AS and 15 ND cases, were randomly selected, and the observers were asked to measure the 3 parameters again, 10 months after the first measurements.
Statistical Analysis
Demographic factors of study participants were summarized. Pearson correlation coefficients were calculated for 3 parameters (PI, PT, and SS) between radiographic parameters, and reliabilities were evaluated by the ICC (intraclass correlation coefficient). Intraobserver reliabilities of the 3 measurements were calculated separately for the 5 observers, using measurements from both the whole spine and local pelvic radiographs. Interobserver reliabilities of the 3 measurements were calculated separately for each procedure using the AS and ND groups.
We classified the ICC values according to the criteria introduced by Aubin;
9 an ICC value of 0.90 to 1.0 was classified as very good to excellent, 0.70 to 0.89 as good, 0.50 to 0.69 as fair to moderate, 0.25 to 0.49 as low, and below 0.24 as poor agreement.
The differences in ICCs generated by measurements from the whole spine and local pelvic radiographs were tested as dependent ICCs by the method introduced by Alsawalmeh and Feldt.
14 The differences in ICCs between AS and ND were tested as independent ICCs by Feldt's method.
The differences in the measurements generated by the 5 observers were evaluated with one-way analysis of variance (ANOVA). The data were analyzed using statistical software SPSS version 17.0. The significance level for each testing was two-sided 5%.
RESULTS
Common Descriptive Results
The measurements from each observer are listed in Table 1 . Considerable interobserver differences were found. There were statistically significant interobserver differences in the PT measurements (whole spine radiography), PI measurements (both radiographic procedures), and SS measurement (pelvis radiography) as determined by one-way ANOVA. However, bivariate correlations between the whole spine radiograph and pelvic radiograph measurements of each parameter showed significant correlations in all parameters ( Table 2 ), indicating that the measurements were accurate enough for our analysis.
The mean of the 5 observers' PI and SS values from the whole spine and pelvic radiographs were similar, although the PT means were slightly different (Table 1) .
Intraobserver Reliabilities
The intraobserver reliabilities for both procedures are shown in Table 3 . All of the ICC values were greater than 0.7, indicating good to excellent reliability. SS measurements based on both radiograph procedures exhibited ICCs that were higher than 0.9, while both the PI and PT ICCs based on the whole spine radiographs tended to be lower than those based on pelvic radiographs; however, the differences were not statistically significant. Although all of the local pelvic radiograph ICCs were greater than 0.8, the whole spine PI measurement from 2 observers and PT measurement from 1 observer exhibited ICCs that were less than 0.8. These results indicated that the whole spine radiograph ICCs were inferior to those of the pelvic radiograph. Intraobserver reliabilities were also calculated separately for the AS and ND groups ( Table 3 ). The mean ICC values of both groups were similar, suggesting that the presence of deformity minimally impacted the intraobserver reliability.
Interobserver Reliabilities
The interobserver reliabilities are shown in Table 4 . All of the ICCs based on whole spine measurements were lower than those based on local pelvic measurements. The PI measurement showed the greatest difference between the 2 methods, exhibiting an ICC of 0.601 with whole spine measurements, which improved to 0.734 with local pelvic measurements. Both the PI and PT measurements exhibited statistically significant differences between the 2 methods. Interobserver reliabilities were also evaluated separately for the AS and ND groups. The PI measurements based on whole spine radiographs showed moderate reliability in both the AS (ICC ¼ 0.543) and ND (ICC ¼ 0.649) groups. However, the PI ICC in the ND group showed significant improvement, and the PI ICC in the AS group showed marginally significant improvement when local pelvic radiographs were used. The PT ICC showed significant improvements in both groups with use of pelvic radiographs. The SS ICC was high in both patient groups and showed no significant difference between the 2 radiographic methods. Taken together, these results confirm that the pelvic radiograph was more reliable than the whole spine radiograph, especially for PI and PT measurements. Although the PI ICC tended to be lower in the AS group compared to the ND group, the difference was not significant.
Differences in Measurement Angles
The differences between the largest and smallest measurements of each parameter among the 5 observers were calculated for the ND and AS groups. As shown in Figure 1 , the differences in PI ( Figure 1A ) and PT ( Figure 1B ) measurements were significantly greater with the whole spine radiographs than with the pelvic radiographs. The differences calculated for the ND and AS groups showed equivalent improvement with use of the pelvic radiograph. These results indicated that the interobserver measurement differences were minimized with use of the pelvic radiographs and that the presence of scoliosis had a minimal effect on the measurement consistencies. There were minimal differences in SS measurements between the 2 radiographs from both groups ( Figure 1C) .
Examples of AS and ND radiographs are shown in Figures 2 and 3 , respectively. The bilateral femoral heads were closely aligned in the local pelvic (AS: Figure 2D , ND: Figure 3C ) compared to whole spine radiographs (AS: Figure 2C , ND: Figure 3B ) in both the AS and ND groups.
DISCUSSION
The standing lateral whole spine radiograph is essential for both preoperative and postoperative analyses of patients with spinal deformity who require long segmental fusion, given that the sagittal vertical axis (SVA) is the most significant factor affecting patients' HRQOL. 16, 17 In addition, recent advances in the study of spino-pelvis parameters have revealed that patients can compensate for sagittal imbalance with pelvic retroversion, which is reflected by high PT values and also correlates with worsening HRQOL. 18 To obtain the best sagittal balance postoperatively, lumbar lordosis should be restored to the level that matches the patient's PI.
The ideal relationship between LL and PI is reported to be LL ¼ PI AE 98. 4 Therefore, the use of precise and reliable methods for evaluating spino-pelvic parameters is mandatory for planning corrective surgery; however, no previous study has directly compared the reliability of these measurements generated using different radiographic methods.
Several studies have analyzed the reliability of spinopelvic parameter measurements. Dimar et al reported the intraobserver reliability to be 0.60 to 0.77 and interobserver reliability to be as low as 0.41 to 0.64 with the manual measurement of whole spine radiographs. 8 They also showed that these reliabilities were improved from 0.98 to 0.99 using computer-aided radiologic measurements; however, their subjects were healthy young volunteers. Wu et al reported that the reliability of manually measured spino-pelvic parameters of adolescent idiopathic scoliosis patients was improved by using Surgimap Spine software. 10 In these studies, only whole spine radiographs were used, and objective of their study were young patients, not the adult spinal deformity patients who may have degenerated spine or osteoporosis which might inhibit the precise measurements.
Ideally, the projection of the radiograph should be perpendicular to the sagittal plane for the evaluation of spinopelvic parameters in order to obtain overlapping femoral heads and a single-lined upper surface of the sacrum. However, in whole spine radiography, the vertical projection point of the radiograph tube is much higher than the spinopelvic area ( Figure 4A ). As a result, the femoral heads are not aligned, and the upper surface of the sacrum is not sharply defined. In contrast, in local pelvic radiography, the vertical projection point of the radiograph tube is closer to that of the spino-pelvic area ( Figure 4B ), and the centers of the bilateral femoral heads are aligned, which may contribute to more reliable measurements. If the bilateral femoral heads are not aligned, the midpoints of each head must be used to measure the PI and PT, which may reduce the accuracy of the measurements. Another advantage of pelvic radiography is that the radiographic intensity is optimized for the pelvic area. In whole spine radiography, the radiographic intensity is optimized for the whole spinal area. Since the spinal area is more radiolucent than the pelvic area, the level of radiation may be insufficient to clearly view the pelvis. In the pelvic radiograph, the increased signal for the pelvic area also contributes to better visualization of the femoral heads. These differences may account for the increased reliability of the PI and PT measurements using the pelvic radiographs.
Since the width of the sacrum is much smaller than the distance between the femoral heads, the distortion caused by the nonvertical projection in the whole spine radiograph would be smaller. In addition, the superior edge of the sacrum is clearly visible at comparative level to the lumbar spine in the whole spine radiographic images. These features of the whole spine radiograph may account for the similar SS reliabilities observed in the whole spine and pelvic radiographs.
The influence of spinal deformity on measurement reliabilities was also evaluated in our study. Although the interobserver reliability of PI measurements was somewhat lower in the AS compared to the ND group, the intraobserver reliabilities and measurement angle differences among the 5 observers were similar in the 2 groups. The minimal impact of deformity on the spino-pelvic measurement reliabilities may have been because most adult scoliosis patients have a deformity at the lumbar or thoracolumbar area, rather than at the sacrum or pelvis.
The potential disadvantages of performing consecutive whole spine and local pelvic radiographs include the possible effect of positional changes between the 2 radiographs and the exposure to additional radiation. However, PI is independent of position, and the SS measurements were similar in the whole spine and local pelvic radiograph, as shown in Table 1 . In addition, PT can be calculated by subtracting the SS from PI, which will provide an accurate value. Since PI is the key preoperative parameter that aids in surgical decision making, the acquisition of accurate PI measurements requiring additional radiation may be worthwhile for ASD patients who are surgical candidates.
There are several limitations in this study. First, the potential source of measurement difference among observers could be due to the differences in experience with the measurement software. Therefore, a brief lecture to each observer was given before the measurement. Tube variations of radiograph could be another potential source of measurement difference; however, the same model of machine was used for all the cases to minimize this difference.
In conclusion, we found that both intraobserver and interobserver reliabilities of PI and PT measurements were higher with the use of local pelvic compared to traditional whole spine radiography. In addition, the presence of scoliosis did not affect the reliabilities observed using local pelvic radiographs. Since PI is a key sagittal parameter used in the surgical decision making for ASD patients, we recommend the use of local pelvic radiography for a more accurate evaluation of this parameter.
